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At)stlact- .—..—.  .—.
‘1’hc fatigue life of Ihi]) fill)) 111:1.11  il Il!:rco])l)(ctio[]s  ill t}i~h dmsity  clcchxmics

packaging subjcetect to ttmmol CJ’clill},  lIa\ ?xm cvdluatui usil~y, a probabilistic fracture
mechanics methodology. “1’his  ]11 otmi lilisti(  Inctllod[)logy irwlu(ics charmtcriz.  ation of
thin film stress using an cximr iIl ICIIM1 ly cai I 1~1 trtd fiflitc clermml mo(id and simulation
of fiaw growth in the thin II ICI; II fIi I I IS I1~IIIE  a stochastic cxack giow[ll  model. ‘l-he
stochastic fidtiguc life sinluiatio]i C: I I I LOII sidcl avcra~c.  tc.n]]wrtiturc,  thermal cycle
amplitu(lc,  geometry, material fi?u  ~1,1 ~.Iv, III 1)( ’.havioj, inilial flaw size, and unccrlaintics
about tile governing pararnctcis  aII(l t If: MY II dcy 01 arlalyt ical IIIo[icls.  ‘I’l Ic probabilistic
appl”oadl  cnab]c. s Smsitivi[y  ;~n:I]\’sc, 1 I l). lx:rfw IIKXi to i(lcr)lily llIC most imporlant
servi(c  life and failure risk (11 iv(’) S, f.) 11); !1 (icv(’lo})lnclll  Cfiol I (all 1)(’ focusc(i II1OI’C
cffcclivc]y to achicvc  scrvict. lif( :1.();  Is

lntlo(iuctio!l.— . . . . ——
“1’llc thin film multi layer s[I \Ic l.~IIfs IIscct it] rtlultichi]) rnwilllc sl]bstratcs  of high

cicnsity ckctronic  packaflinj’  aIC s(lll,i.il [(.I ffiillll~  due 10 llIcIIImlly  induce(i  s t r e s s
cycling. I’hcse thin film strlwtu}t~ ( oIIsi}I  of la)ws of illtc]co]lllccts  and dielectrics
dcpositcci  and pattcrnd  wsinj’ (1 I III f II I II ILLI II iqucs. ‘i ‘hc multila  yc.r substrate considcrcci
in this pa]mr is a structuml  SySICI II I.(1111111 id of ll~in fi]ll)  IHyuvs of silicon dioxide
dielectric dcpmitcd  by plasII Ia CIIiI~IIL L (i rttcmiciil vapor (icp[lsition, aluminum alloy
con(iuctors  cicpositcd by s])llt(fl illj’,  ,,~~l(i  :Ilo(ii/Cd :ll~lrllir]i]ll]  t})itl f’iim capacitors, all
dclmitc(i  on a silicon waft].

‘1’ilc application) of fl il(’([11  ( ) I It{lI; lIics 10 allalyz.e  fati{[ilc  flaw growtil  duc to
thmnai cycling in iligh (icmsity  (’II. I. t ol~i~:  ]);id:a[,ill:, usin:, [Ilill  filllls quircs  dctailcct
knowlcd:,c  of the strcssdistr  ilm[i[~ri  (~’itliil  It]c [Ilin film layc]s, 111:,11 stlcsscxisls  in tile
intcrconncd  structure d[Ic l{) [I]t II II\IIIOl  I II irl [lie cocffici(lll~ of ti]crmal expansion
t)cxwccn  the thin fi]n)  laycI\ (tl~cI IIM 1 ~,11{’.:,)  ai)(i (iLIc to ti~c fat]licalion and deposition
proccsscs (intrinsic stress).

&Lrcss  an{i_l;atiEuc  1.ife AII:tl?rsis.—-. —..
“1’i~c method uscci to cII;II,I(.({ I i/{’ .!fcss aII{i  evaluate tillll)]it]u])l  alioy intcrcon-
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ncd fidtig,ue  life is shown in 1 {If.111  t 1 ‘1 III: L xpa iIncntal stt MS clIaI aclcI ization  using
the X-ray rocking Curve techtliqu(  \\’i \ I)ul  ~ II meet oli substl atc salnl)ltx removed fmm
tllc ]nanufacturing process at dif”fcl{l]l  S<h/ll s of Conll)lctiotl.  ‘1’111:. lcsult of the thin film
s(rcss mcasuremcr]ts  were used III ( ;+1 IH:II(’ finite c]clt}e[~l  nmlc]s  of the substrate
(Kolawa, 1995). Finite  elemctl[  I-I Io[i~ IS of” icatmc.s of tllc alun]illun)  interconnections

were cmstructcd  with the fii(l o~ }Iij’ti II~Hj Ilification ])lloto~’,ra]lhs  to define substrate
~colnctry.  ‘1’hc stresses in the allIII Iillillfl if Itlcolliwctions  wcw IISd jn d fatigue flaw
growth  mock] to predict Substrti[c s(I ,:i[t IIf( undcI lhcrmitl cyt:lills,. ‘1’tlc  fatigue flaw
gmw(h analysis was perfornmi  lJlul].tJilis!  t{ ally to cnab]e tlIc i(lcntification  of infor-
mation  about important govet ]Iill}’  pa Iii! IIctIIs thtit is ]m(ied to dcflnc  designs that will
survive in extreme thermal c.tl\’irtll~ll~il[s.

II] the flaw growth aIlalJ siS ~IICSI  Iltwl lIeIts, the falif,uc life of aluminum
intc[connccts subjected to tlICIIIIJl c t(lill: is co]n])utcd ~)lc~t):t{)ilistically.  The crack
gmwtl] mmicl used in this arlfilysis (III tt]iisidc]  cyclic  stfcss  due to (Imrmal cyc l ing ,
mechanical vibration, orothc.1 tinlc \’;II~ IIJ: loads. A Monte CkI 10 simulation procedm
is used to calml:itc lifcdistlil)lllioll~.

‘1’l]c stochastic crack \vo\f III I ,1{( c,~llati(ln  is ~l,ilrcl~ i)y

in which da/dN is the crack XI OW(lI I iII[., /\ F,” is the stress i[ltcllsity factor (S11;) range,
AA’ITI is tllc threshold sticss  illlrllsi:y  fa(.1(11  rmq:c, K{ is tllc clitical  s(rcss intensity
factor, R is the stress ratio, aIId f’, t{,, u, )1, ltId q aIC ~)ar:tln(:tcls (Ictctmincd from crack
growth data. Uncertainty atx~lll  tllc ( I a k LI OWIII tlIIcslIol(i  IIIay t)c rcplcsentcd in the
value of AKIYI, which is aII :IS)III]IIOI[” I(I  [;i<  cIack [Irow’tll Iat(.  cut  \e at its lower end.
Uncertainty about this asyln])tol(” i, ] Cil I i Iy Cil\)t(ll’C(t  by 11 fi l){’,  :). SCal C p a r a m e t e r
kAK7Y1. WkIl  kAE1}l  = 1, l~qll~~~i~)ll  ( I I ill.lu.i:s  tllc  CI ~{ck fv’oft’tll  IIIICSIK)l(i  AK711. WIICIl
AA~Y1l  = O, there is no crack !IItIVj[iI  III ILsI)I(I  ill ]l(]uation  (1) a~id all irlitial  ffaws will
grow. A second parameter, ?.(,(,, is {I,ul ill 1 ‘qua[io]l  (1) to 11’])1 L.sent ulwcrtainty  about
location of” the crack growl)  (U I \V I ‘II(  II )jnin:ll  (/(//(lhl  CUI \IC (01 I(”S]KIIIdS to k~fl ‘- ] .

Whm  L{l[, >1, tk crack g, I c)wtlI ( UI c if shifted 10 lI)C lcfl allll  ~,ivcs tlig}lcr  values of
da/dN foI a spccifled  value  of Ah. ).,I,L ,}{ : I Id X(l(, tI Iiiy bc clIaI actcl iz.ed by probability
distributions, or they may k trc:tl(’(1  Im! ijl!i[’[1’i(”[{ll~.

‘1’hc  Shlldd SkXs lll~t’llSi[~ ‘f[{l [(l! M)]ll[IOII fo]’ a[l C(ifr Cl [i~k ill a flnitc  width
platcsul~-jcct  to axial stresses MIaS CIII]IILI~LXl  II) cfi.tcLIlate. AK foltl)c thin fill~~i[)tcrcol~~]cct
strips using tbc stress as ctct(v Inillcd t):~ 11 ~llilti  Oll (2). “1’tlis S1l; cxprc.ssicm is given as
case. ‘I’(N2 jn NASA/J SC, 1 ‘~MI
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sibility for flaws in very thin illllll)il)ll’11 11111  IS. ‘I’l Iclc  is tIo  C]atk p,l~)u’th  ttlrcshold  with

“shor[ crack’> behavior, that is. i)ll 1 I;iu; }sIt~’,1. urdu stIcss cycl III~:, ‘1’hc cllaractcri7.ation

of ~]ii~k growth  behavior SIIORII  irl I ‘I :ILII(’ ‘ (’aj)t(ltci both of tll[. sc attributes.
“1’hc unrclaxcxt  axial stIcss ill :111 il ILICOI~IIC([  stt ip is c ilcii  900 MPa at room

tcmpcraturc,  and the relaxed stI css Is { ~lJLx’  IL(.l 10 b: :ibout 50% of the unrelaxed value.
‘I’llccllllltll:{  tivc lifcciistributiolis  ()[ltili IIt,,i f ] 1)11) Nlonlu Carlo Sill lUliiti OIIS (20,()()0 trials)
with o,.r~ at 450 Ml’s and 900 Ml)iI, illlti,{l i(.feet size (Ii at 0.1 I!III atlci 0.25 pm, and a

thermal cycle  amplitude of + 4(I(U ttl 10(” [!11” SI1OWII in l’ig,ur~. 3.

‘1’hc strc.ss cllaractcri7atioa  all(l fii[i}’,(1( lIfc sitllulatioll  results  fo] the altltllitltltltisilicorl

dioxide substrate indicate that Ili/’,il  It’’)i(il)ill  stresses in tlIc alunlitlun]  intcrcmncct lines
couplcct with stress cycling (iuc lo tll JJImi  tyclcs \viil  Cil’ivc the pm~)ag,ation  of small

, ,, Moore
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initial flaws that may
result from
m a n u f a c t u r i n g
de.feds or void for-
nlatio]l during  stress
Iclaxation.  I)csign
o r n] a n u f actaring
lmccss changes that
tnay significantly
improve thermal cy-
cling fatigue life can
t)c investigated with
tl]c. p obabilistic  ap -
I)roacll,
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